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CONVERSION FACTORS AND ABBREVIATIONS

Factors for converting the units used in this report to International System 
(SI) units are shown below.

Multiply By

inch (in) 2.54
foot (ft) .3048
mile (mi) 1.609
square mile (mi 2) 2.59
gallon per minute (gal/min) 0.06309 
million gallons per day (Mgal/d) 43.81
feet per mile (ft/mi) 0.1894
gallons per day (gal/d) 3.785
feet per day (ft/d) .3048
feet squared per day (ft 2/d) .0929

Ib obtain SI units

centimeter (cm)
meter (m)
kilometer (km)
square kilometer (km 2)
liter per second (L/s)
liter per second (L/s)
meter per kilometer (m/km)
liters per day (L/d)
meters per day (m/d)
meters squared per day (m 2/d)
milligrams per liter (mg/L)
micrograms per liter (yg/L)
micromhos per centimeter (^mho/cm)
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HYDROGEOLOGIC APPRAISAL OF FIVE SELECTED AQUIFERS

IN ERIE COUNTY, NEW YORK

by 

Todd S. Miller and Ward W. Staubitz

ABSTRACT

Hydrogeologic conditions and water quality within four unconsolidated 
glacial aquifers and a bedrock (Onondaga Limestone) aquifer were investigated 
during 1981-83 by the U.S. Geological Survey, in cooperation with the Erie 
County Department of Environment and Planning. The aquifers are in suburban 
areas of Buffalo and in major valleys in Erie County where development is 
increasing rapidly. The aquifers studied are in the Clarence-Lancaster- 
Newstead, Sardinia, Springville, and Alden areas.

Aquifers in the Clarence-Lancaster-Newstead area are a complex of 
morainal, outwash, and beach sand and gravel, as well as the Onondaga 
Limestone. Most wells tap the more productive limestone aquifer. Water 
quality in both aquifers is suitable for most uses except where road salt has 
caused contamination in shallow wells near the New York State Thruway. A 
landfill along the western part of the aquifer has affected the water quality 
in some areas along the landfill's perimeter.

Aquifers in the Sardinia and Springville areas consist of 10 to 95 feet of 
outwash sand and gravel separated from several deeper confined sand and gravel 
zones by till and lacustrine beds in buried preglacial valleys (400 to 600 
feet deep). Water in both aquifers moves predominantly from the north and 
from the aquifers' edges to the center of the valley and discharges to the 
main streams in the middle of the valley and to springs along the southern 
edges of the aquifers. Water quality is generally suitable for most uses, 
although the Springville aquifer contains relatively high nitrate con 
centrations in some areas. A landfill adjacent to the Sardinia aquifer 
apparently has not affected the aquifer significantly.

Aquifers in the Alden area consist of two sand and gravel zones separated 
by 10 to 20 feet of clay or till. Water from the more productive lower zone 
is more mineralized than that in the upper zone as a result of ground-water 
recharge from the underlying shale.

INTRODUCTION

Ground water is a major source of water for the southern and eastern parts 
of Erie County. An understanding of the hydrogeology, water quality, and 
effects of landfills overlying or adjacent to important aquifers is needed by 
county and local planners to properly manage the ground-water resources.



Five aquifers were selected for study (fig. 1). Ihe Alden aquifer and the 
two aquifers in the Clarence-Lancaster-Newstead area were selected because 
they are in areas of increased suburban growth, and the Springville and 
Sardinia aquifers were selected because they extend over large areas. In 
addition, a landfill overlies part of the Clarence-Lancaster-Newstead aquifer, 
and another is adjacent to the Sardinia aquifer. Four of these aquifers con 
sist of coarse-grained glacial sediments such as outwash and morainal sand and 
gravel. The fifth, a 140-ft-thick limestone aquifer (Onondaga Limestone), 
underlies the unconsolidated deposits in the Clarence-Lancaster-Newstead area.
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Figure 1. Location of aquifers selected for study.



Purpose and Scope

In 1981, the U.S. Geological Survey began a 2-year study in cooperation 
with the Erie County Department of Environment and Planning to document the 
hydrogeologic characteristics of the five aquifers. This report describes the 
hydrologic boundaries, geologic framework, water-table altitude and direction 
of ground-water movement, locations of recharge and discharge, saturated 
thickness, water quality, and effects (if any) of landfills on or adjacent to 
the aquifers. Tables summarize water quality, ground-water use and well data, 
well locations, geology, aquifer thickness, and ground-water movement.

Previous Studies

Previous work by the U.S. Geological Survey (La Sala, 1968) delineated the 
four glacial sand and gravel aquifers (Clarence-Lancaster-Newstead, Sardinia, 
Springville, and Alden areas) and a part of the limestone aquifer (Onondaga 
Limestone) that underlies the Clarence-Lancaster-Newstead unconsolidated aquifer,

Acknowledgments

The Erie County Department of Environment and Planning staff provided 
background information, including historic records and published reports by 
consultants, and aided in sample collection. The Erie County Health 
Department Laboratory analyzed the water-quality samples. The Frey Well 
Drilling Company provided information on wells in the Alden area.

METHODS OF STUDY 

Well Inventory and Test Drilling

Hydrogeologic information was collected and compiled from published data 
and fieldwork. A general well inventory was conducted to obtain data on water 
levels, saturated thickness, depth to bedrock, water use, and to locate wells 
accessible for sampling. Where information was lacking or more detail was 
desired, such as near the two landfills, four to eight 2-in-diameter PVC or 
steel observation wells were installed with a power auger.

At the landfills, observation wells were installed both upgradient and 
downgradient of the burial area to define the direction of ground-water move 
ment and to determine ground-water quality. Maps of each site were constructed 
to show surficial geology, well locations, aquifer thickness, water levels, and 
direction of ground-water movement. Well data collected during this study and 
summarized in table 9 (at end of report) include owner, date drilled, depth of 
well, aquifer type, water level, water use, and availability of geologic log.

Water Sampling

Ground-water samples were collected and analyzed from all 2-in-diameter 
observation wells and selected private and municipal wells to document 
background water quality and identify areas affected by contamination.



Chemical analyses included specific conductance, pH, common anions and 
cations, trace metals, several nutrients, alkalinity, hardness, and total 
organic carbon. These constituents were selected because studies have shown 
that increased levels of chloride, sodium, sulfate, total hardness, organic 
carbon, and specific conductance are effective indicators of contamination 
from municipal landfill leachate (Zanoni, 1972, and Loe, 1970). In the 
Sardinia and Springville areas, three sets of samples (summer, winter, and 
spring) were collected by the U.S. Geological Survey and Erie County Depart 
ment of Environment and Planning and analyzed by the Erie County Health 
Department Laboratory. Five sets (fall, spring, summer, winter, and spring) 
were collected and analyzed in the Clarence-Lancaster-Newstead area. No 
samples were collected in the Alden area because data collected by the Erie 
County Health Department were sufficient for the purposes of this study.

Nested piezometers were installed at several locations within all aquifers 
to evaluate water quality in a vertical profile. Chemical analyses were con 
ducted by the Erie County Laboratory, which participated in the U.S. 
Geological Survey water-quality-assurance program.

Samples were collected at the 2-in-diameter wells by pumping or bailing 
each well so that at least three volumes of water in the casing were removed 
to ensure that the water sampled from the aquifer and had not been standing in 
the casing for an extended period. A peristaltic or bladder pump with 
silastic tubing or a stainless steel bailer was used to withdraw water. 
Private domestic wells were sampled at outside taps after the water had been 
run a few minutes to evacuate water that had been in the pipes.

AQUIFERS IN THE CLARENCE-LANCASTER-NEWSTEAD AREA

These two aquifers underlie parts of the towns of Clarence, Lancaster, 
Newstead, and Alden in the northeastern part of Erie County (fig. 2). The 
topography ranges from level to gently sloping except in the northern part, 
where the res istent Devonian Onondaga Limestone crops out to form a 50-ft 
escarpment (fig. 2).

Surface drainage flows south to Ellicott Creek and north to Ransom Creek, 
(Ellicott Creek then flows northwest 12 mi into Tonawanda Creek, and Ransom 
Creek flows 10 mi northwest, also to Tonawanda Creek.) The aquifer area con 
tains several wetlands.

Land use is predominantly residential with extensive sand and gravel 
mining. A 0.1-mi z sanitary landfill is in operation north of the New York 
State Thruway along the western part of the area (fig. 2).

Population and Ground-Water Use

The area underlain by the sand and gravel aquifer has a population of 
about 1,000. A public water-supply system that withdraws water from the 
Niagara River, 17 miles west of the aquifer, serves part of the towns of 
Clarence and Lancaster, but some inhabitants use ground water from the



Onondaga Limestone or the sand and gravel deposits as their primary or secon 
dary source. For example, a nursing home in Clarence uses ground water for 
air conditioning, and many residents use ground water to water lawns. Ground 
water is the sole source of water for the Town of Newstead.

Ground-water use is not quantified because the number of residences in 
Clarence and Lancaster that use ground water is unknown, because withdrawals 
at several commercial facilities and institutions are unmetered, and because 
use of wells installed in sand and gravel and the underlying bedrock to 
supplement the public water-supply system is sometimes unreported.

towrio 
Clarence^

LC-49 : Landfill I Town o 
I Newstead

3 LC-43* 
»LC-39 .-

Boundary of unconsolidated aquifer,^  = 
dashed where approximate

 LC-3 Well location and number

A* Location of geologic section 
(shown in figure 3) ';}

Base from New York State Department of Transportation, 1975, 1:24,OOO

Figure 2. Location of wells, landfill, Onondaga Escarpment, and geologic
sections in Clarence-Lancaster-Newstead area. (Geologic sections 
are shown in fig. 3.)



Hydrogaologlc Framework

The unconsolidated surficial sand and gravel aquifer underlies parts of 
the gently westward sloping plain that overlies the Onondaga Limestone, as 
shown in figure 2. The part of the Onondaga Limestone that was investigated 
in this study is the part that directly underlies the unconsolidated aquifer.

Unconsolidated Aquifer

Glaciation of the area resulted in the deposition of a variety of sedi 
ments on the Onondaga Limestone. In the southwestern and central parts of the 
area (Muller, 1977), till overlies a poorly defined end moraine (poorly sorted 
silt, sand, gravel, and boulders that were deposited in front of the glacier) 
and subglacial or subaqueous outwash (sorted and stratified sand, or sand and 
gravel deposited by glacial meltwaters at the bottom of grounded ice). Logs 
of borings along the western side of the aquifer (section A-A 1 , fig. 3) indi 
cate 30 to 45 ft of sand with some gravel between a basal lodgment till 3 to 
15 ft thick and an overlying surficial till. Well logs reveal that glacial 
sediments are thickest (30 to 45 ft) where they fill a buried north-south- 
trending preglacial valley incised into the Onondaga Limestone. (See section 
B-B 1 in fig. 3 and C-C 1 and the structure-contour map in fig. 4). The extent 
of the moraine in the center of the area is poorly defined because relatively 
few borings have been made and because its subdued, low to flat relief makes 
its extent difficult to trace.

Several borings in the southeastern part of the area reveal 20 to 30 ft of 
well-sorted stratified outwash sand and gravel underlain by 10 to 15 ft of 
lacustrine silt and sandy silt that is in turn underlain by 2 to 12 ft of
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Figure 3A. Geologic section A-A' north-south through Clarence-Lancaster- 
Newstead area. (Location is shown in fig. 2.)



lodgment till. (See section C-C 1 in fig. 3 and map in fig. 4.) A gravel pit 
in the central area near Jones and Stage Roads exposes morainal deposits of 
sand and gravel with large boulders of Onondaga Limestone (sec. B-B 1 in 
fig. 3). Ihe morainal sand and gravel disappears near Stage Road south of 
Clarence. A large amount of the outwash and morainal deposits have been 
extracted by sand and gravel mining.
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Figure SB. Geologic section B-B 1 through northern part of Clarence- 
Lancaster-Newstead area. (Location is shown in fig. 2.)
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Figure 3C. Geologic section C-C 1 through southern part of Clarence- 
Lancaster-Newstead area. (Location is shown in fig. 2.)



Boundary of unconsolidated aquifer, 
dashed where approximate

Structure contour Shows a I titude o 
surface of Onondaga Limestone. 
Contour interval 10 feet ,

Base from New York State Department of Transportation, 1975, 1:24,000

Figure 4.   Altitude of top of Onondaga Limestone and boundary of
unconsolidated aquifer in Clarence-Lancaster-'New stead area,

Onondaga Limestone

The Onondaga Limestone is a productive aquifer that extends from Buffalo 
to Albany as an east-west belt several miles wide. It is a massive cherty and 
argillaceous limestone approximately 140 ft thick (Buehler, 1966) where it has 
not been subjected to erosion. Along the escarpment in the Clarence area, it 
has been eroded to several tens of feet thick.

The Onondaga Limestone contains little primary porosity but does contain 
significant secondary openings in the form of joints and fractures, widened by 
solutioning. Where the widening of joints and fractures is significant, the



overlying rock and sediments may collapse, forming sinkholes. Sinkholes were 
observed both east and west of the landfill area. Wells installed in the 
limestone typically yield 10 to 300 gal/min (La Sala, 1968). Most wells do 
not fully penetrate to the bottom of the Onondaga Limestone, so the thickness 
of this unit could not be determined.

Saturated Thlckn«««

The unconsolidated aquifers lie within relatively thin outwash and 
morainal deposits that range in thickness from 5 to 55 ft; the saturated 
thickness is between 10 and 25 ft in most places (fig. 5). The thickest 
saturated deposits are in the buried preglacial valley. In the eastern part

" :7f *li Ni wrsa
boundary of unconsol mated aqui 
dashed where approximate '*v.

\ L-V i .1- :-**arr^-v. ?  ' i\ r   i i 
...-.A., -: to__j^o^^-Line of equal thickness of saturated 
« «T3.   -w^^-   ' material.Contour interval 5feet
^s*^ **""   . '  <&**! '+.-,*<**?"' ^ i £oui

<=* « -f JEttZT Y* VI 1MIL^!

Base from

- __  '^-^^lEVi* .^^-^Lggeg^-^
New York State Department of Transportation, 1975. 1:24.000

Figure 5. Saturated thickness of unconsolidated aquifer in the 
Clarence-Laneaster-Newstead area .



of the aquifer, where much of the sand and gravel has been mined away, 5 to 14 
ft of saturated sand and gravel overlies thin lake and till deposits (fig. 3, 
section B-B 1 ). In the western part of the aquifer, 5 to 23 ft of saturated 
sand with some sand and gravel in the deeper zones overlies the buried bedrock 
valley (fig. 3, section A-A'). Saturated thickness is greatest (25 ft) in the 
area under the landfill. South of Ellicott Creek, a gravel pit and a log from 
well LC-2 indicate 5 to 15 ft of saturated morainal sand and sand and gravel.

Ground-Wafer Mpv«m«nt

Recharge

Unconsolidated aquifer.-Recharge to the unconsolidated aquifer, which con 
tains the water table, is solely from precipitation that infiltrates downward 
to the water table. Because the unconsolidated aquifer is on a level area on 
a topographic high, it is not bounded by valley walls that could provide 
recharge, nor does it have streams to provide seepage from higher areas. 
Estimated average annual recharge ranges from 0.2 to 0.4 (Mgal/d)/mi 2 
La Sala, 1968).

The water table rises and falls in response to changes in the rate of 
recharge and discharge of ground water. Water-level measurements were used to 
construct hydrographs (fig. 6), which indicate that most recharge occurs from 
October or November through April, when evapotranspiration is at a minimum,

800
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780

Well LC-52

  Water-level measurement

ONDJFMAMJJASONDJ FMAMJJASO 
1981 1982 1983

Figure 6.--1981-83 hydrographs of wells that tap the unconsolidated aquifer
in Clarence-Lancaster-fJewstead area. (Well locations are shewn in 
fig. 2.)
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and that water levels were highest in February. A second peak in May 1983 was 
due to an unseasonably wet spring. Annual water-level fluctuations ranged 
from 2 to 8 ft and averaged 4 ft. Water levels at wells LC-52, LC-63, and 
LC-6, which are near ground-water discharge areas such as ponds, wetlands, and 
streams, fluctuated less because relatively large amounts of ground water move 
from the edges of the aquifer toward these discharge areas. Water levels in 
wells LC-66 and LC-67, which are nearer the ground-water divide and further 
from discharge areas, fluctuated more because they have smaller catchment 
areas and receive less ground-water flow.

Onondaga Limestone aquifer. Recharge to the limestone aquifer occurs (1) 
by infiltration of precipitation into the joints, fractures, and solution open 
ings where the formation crops out at or near land surface, (2) by downward 
seepage of water from the overlying unconsolidated deposits and wetlands, (3) 
by seepage from storm runoff and streams flowing into sinks or swallets on top 
of the limestone, and (4) possibly by water that has been pumped out of a 
quarry 6 mi east of the study area and then discharged as surface flow, some 
of which may infiltrate back into the limestone.

Discharge

Unconsolidated aquifer. During the late spring, summer, and early fall, 
when most precipitation is lost through evapotranspiration, the ground-water 
discharge to springs, streams, wetlands, and underlying bedrock exceeds the 
recharge, and the water table declines. A map of the water-table altitude 
with directions of ground-water flow is given in figure 7. The contours are 
based on water levels measured by the U.S. Geological Survey and the Erie 
County Department of Environment and Planning on October 15, 1981, in shallow 
wells and where water was first encountered during the drilling of deeper 
wells. A ground-water divide trends roughly east-west through the uncon 
solidated deposits. Ground-water flow south of the divide moves predominantly 
south and southwestward and discharges into Ellicott Creek, and ground water 
south of Ellicott Creek moves northwestward into Ellicott Creek. Ground water 
north of the divide moves northward and discharges to surface-water bodies 
such as Tillman and Cedar Swamps, and ultimately into Ransom Creek, which 
flows north over the Onondaga Escarpment.

Deep piezometers in sets of nested piezometers near the landfill had lower 
potentiometrie surfaces than shallow piezometers at the same location (Wehran 
Engineering and Recra Research, 1980), which indicates a significant downward 
gradient. Therefore, ground water in the unconsolidated aquifer moves not 
only laterally but also downward to the underlying limestone.

Onondaga Limestone aquifer. Ground water leaves the limestone aquifer as 
pumpage from wells at quarries, private residences, institutions, and commer 
cial facilities; as seepage to the underlying rock formations and to Ellicott 
Creek, and to streams and springs along the lower part of the face of the 
escarpment. Water levels measured during late summer and early fall of 1981 
were used to compile a potentiometric-surface map of the Onondaga Limestone 
(fig. 8); the contours indicate a ground-water divide trending east-west 
approximately 1 mi south of the escarpment. Ground water south of the divide 
moves west-southwest and discharges into Ellicott Creek and quarries; ground 
water north of the divide flows north and discharges as springs and headwaters 
of streams at the base of the escarpment.
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Several wetlands in the Clarence-Newstead area and many wells in the 
Newstead area went dry and had to be deepened during the summers of 1982 and 
1983 because of severely declining water levels in the limestone aquifer. The 
cause of the decline is not known at this time. Water levels in the overlying 
unconsolidated deposits declined considerably less, probably because of the 
relatively impermeable lacustrine silt and lodgment till between the two layers, 
which retards vertical movement of ground water. If the confining unit were 
absent, ground water would have moved downward to recharge the limestone 
aquifer, and the water level in the sand and gravel would have declined more.
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Figure 7. Water-table altitude in fall 1981 and direction of ground-water 
flow in unconsolidated aquifer, Clarence-Lancaeter-flewetead area,
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Figure 8. Potentiometric surface in fall 1981 and directions of ground- 
water flow in upper part of the Onondaga Limestone aquifer in 
Clarence-Lancaster-flewstead area.

Water Quality

Water samples were collected from 15 wells in the Clarence-Lancaster- 
Newstead area during September 1981, March and August 1982, and February and 
June 1983. Chemical analyses for each well are given in table 10A (at end of 
report); average mean, median, maximum, and minimum values of each constituent 
from all wells are given in table 1. Seven of the wells tap sand or sand and
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gravel deposits and range in depth from 12 to 58 ft; seven wells tap the 
limestone aquifer and range in depth from 50 to 100 ft, and one 75-ft well 
taps shale that overlies the Onondaga Limestone at a depth of 75 ft. 
Locations of wells sampled are shown in figure 2.

Results of the analyses (tables 1 and 10A) indicate that, although the 
water quality of the unconsolidated deposits is generally similar to that of 
the underlying limestone bedrock, it varies areally and is locally of poor 
quality. The similarity of water in these two aquifers reflects their similar 
composition the unconsolidated deposits contain an abundance of limestone 
clasts derived from the underlying Onondaga formation. Both aquifers have 
similar mean and median values of alkalinity, hardness, most major ions, and 
most metals (table 1).

Unconeolidated Aquifer

The variability in the ground-water quality of the unconsolidated deposits 
probably results from local variations in land use combined with the relatively 
high permeability of the surface deposits. The New York State drinking-water 
standards for iron and manganese were exceeded in 12 samples from five wells 
(table 10A). The standard for chloride was exceeded in eight samples from 
three wells; the standard for lead was exceeded in four samples from three 
wells, and the nitrate standard was matched or exceeded in three samples from 
one well.

The mean and median values of sodium, chloride, and specific conductance 
are also appreciably greater in the unconsolidated aquifer than in the bedrock 
aquifer. The elevated sodium and chloride concentrations and the resulting 
high specific conductance most likely result from the infiltration of road 
salts used on the New York State Thruway and other major roads in the area. 
For example, well LC-52, adjacent to the Thruway (fig. 2), had chloride con 
centrations ranging from 400 to 675 mg/L, and wells LC-8 and LC-6, south 
(downgradient) of the Thruway, had sodium concentrations ranging from 24 to 
136 mg/L and chloride concentrations ranging from 75 to 400 mg/L.

Onondaga Limestone

Water quality in the bedrock aquifer is generally suitable for most uses. 
The New York State drinking-water standard for iron and manganese was exceeded 
at only one well and for sulfate at only one well.

The water quality deteriorates with depth. During the summer of 1982, 
several wells went dry. When they were deepened, the pumped water was more 
mineralized. For example, well LC-68, near the escarpment, was deepened in 
July 1982 from 40 ft to 62 ft. Comparison of water samples taken in March 
1982 with those taken in February 1983 (table 10A, at end of report) shows that 
specific conductance increased from 396 to 1,270 mho, hardness increased from 
206 to 871 mg/L as CaCO-j, calcium increased from 61 to 258 mg/L, sulfate 
increased from 49 to 533 mg/L, and alkalinity as CaC03 increased from 151 to 
229 mg/L. The large increases in the calcium and sulfate concentrations may 
reflect upward-moving water from underlying gypsum-bearing rock formations 
such as the Camillus Shale of the Salina Group.
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Effects of Landfill Near Lancaster

Location and Description

The landfill near Lancaster (fig. 3, section C-C 1 ) is excavated in the 
permeable silt, sand, and sand and gravel deposits that overlie the Onondaga 
Limestone. The landfill has been in operation since 1961 for the disposal of 
mostly residential and commercial refuse, although it may contain some indus 
trial wastes. Local and county concern has prompted several geohydrologic 
studies in the landfill vicinity to determine whether leachate is moving offsite.

The landfill operation began in abandoned sand and gravel pits. Borings 
within the landfill revealed 20 to 40 ft of refuse overlying outwash or 
morainal deposits consisting of fine sand or fine sand and gravel that gener 
ally overlie the basal till (Wehran Engineering and Recra Research, 1980).

Borings along the perimeter of the landfill by Wehran Engineering during 
1970-80 revealed 3 to 15 ft of till and sand deposits underlain by 20 to 50 ft 
of outwash and(or) morainal sands and gravelly sand that in turn overlie 0 to 
10 ft of basal till. (Some borings did not encounter till.) The basal till 
is underlain by Onondaga Limestone.

Ground-Water Movement

Ground water is under water-table conditions in the upper sand, silt, and 
sand and gravel and in the refuse. Nested piezometers installed in the land 
fill vicinity reveal a significant /downward component of ground-water flow 
into the Onondaga Limestone (Wehran Engineering and Recra Research, 1979, 
1980); thus, leachate migration into the underlying sand, silt, and sand and 
gravel, and eventually into the Onondaga Limestone, is possible. The water- 
table contours (fig. 7) reveal a ground-water divide extending northeast- 
southwestward through the deposits; ground water north of the divide flows north 
westward toward Tillman Swamp, and ground water south of the divide flows 
southwestward toward Ellicott Creek.

The discontinuous thin layer of relatively impermeable till that overlies 
the limestone is an important control on the amount of leachate that can 
infiltrate from the sand, silt, and sand and gravel into the limestone aquifer. 
The till is a discontinuous semiconfining layer separating the sand and gravel 
aquifer from the limestone. Wherever it is present, it would slow the rate of 
migration of leachate into limestone. The fine-grained portion (clay, silt, 
and fine sand) of the till would adsorb some of the constituents of the leachate. 
Where coarser deposits of silt and sand and gravel are in hydraulic contact 
with the limestone aquifer, leachate would readily infiltrate into the limestone.

) 
Water levels in borings drilled into the Onondaga Limestone decreased

progressively as the hole depth increased, indicating a significant downward 
component of ground-water flow. Water levels measured during the fall of 1981 
in wells penetrating the upper 10 to 25 ft of the limestone (fig. 8) reveal 
that the direction of horizontal ground-water flow is westward. Thus, if 
leachate were to seep into the limestone beneath the landfill, it would move 
both vertically downward and westward.
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Most private domestic wells in this area are drilled through the rela 
tively thin saturated sand and gravel deposits and installed in the bedrock 
(Onondaga Limestone) to minimize the chance of drying up during a severe 
drought.

Ground-Water Quality

The local variability of ground-water quality makes the effects of the 
landfill difficult to evaluate. Wells LC-8 and LC-6, downgradient (0.5 mi 
southwest and 0.5 mi south, respectively) of the landfill (fig. 2), exhibited 
relatively high concentrations of some constituents that are indicators of 
landfill leachate. Other important indicator constituents were absent, 
however, and other sources of indicator constituents are in the vicinity. For 
example, well LC-8, a dug well 20 ft deep along a major highway 1,000 ft south 
(downgradient) of the New York State Thruway, had specific-conductance values 
ranging from 920 to 1,200 pmho, nitrate and nitrite concentrations ranging 
from 5.1 to 15 mg/L as N, hardness values ranging from 343 to 548 mg/L as 
CaCO^ sodium concentrations ranging from 70 to 136 mg/L, and chloride con 
centrations ranging from 175 to 400 mg/L. Most of these concentrations are 
appreciably greater than the median values reported for wells tapping the 
unconsolidated deposits (table 1); however, the concentrations of metals and 
total organic carbon are not. Thus, the elevated specific conductance values 
and sodium and chloride concentrations are probably due to road salt. The 
high nitrate concentrations could be due to fertilizers or a septic system. 
Thus, the relatively poor quality of water from this well is not necessarily 
derived from the landfill. Water from well LC-39, which taps the limestone 
about 3,000 ft west (downgradient) of the landfill, yields water within the 
range of values measured elsewhere in the limestone aquifer.

In conclusion, no significant contamination of wells in the unconsolidated 
deposits or the upper part of the limestone could be directly attributed to 
the landfill. Head data from wells drilled in the Onondaga Limestone reveal a 
significant downward component of flow, which indicates that leachate from the 
landfill may be moving into deeper zones of the limestone. Only limited data 
on these deeper zones are available, however.

AQUIFER IN THE SARDINIA AREA

This aquifer, which includes about 9 mi 2 in the Town of Sardinia in the 
southeastern corner of Erie County (fig. 9), occupies a broad, flat, 
southward-draining valley bounded on the east and west by bedrock hills that 
rise as much as 250 ft above the valley floor, on the south by Cattaraugus 
Creek, and on the north by many small till hills. The western and central 
parts of the aquifer are drained by Hosmer Brook; the eastern area is drained 
by a small unnamed tributary to Cattaraugus Creek.

The hamlets of Sardinia and Chaffee lie on the aquifer, but the predominant 
land use is agriculture and pastureland. A landfill is excavated in a till 
hill adjacent to the northern border of the surficial aquifer (fig. 9).
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Population and Ground-Water Use

Ground water is the principal source of water for the approximately 900 
people living in the area underlain by the aquifer. The Chaffee community 
well serves 210 people (New York State Department of Health, 1982); the 
remaining population, institutions, livestock, and commercial facilities 
obtain water from individual private wells. liable 2 summarizes the estimated 
pumpage from the aquifer.

Boundary of surficia I outwash aquifer

Base from New York State Department of Transportation, 1975. 1:24.000

Figure 9. Location of surficidl outwash aquifer and wells 
in Sardinia area.
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Table 2. Estimated pumpage from Sardinia aquifer, 1982

Chaffee municipal supply 
Private water supplies 
Commercial (restaurants, 
motels, etc.) 

Stock

Population Average pumpage 
served (gal/d)

210 21,000 
700* 70,000* 

40,000*

20,000*

TOTAL 151,000

* Estimated

Hydrogoologlc Framework

The Sardinia aquifer (fig. 10) occupies a deep north-south-trending gla 
cially scoured valley that is partly filled with glacial sediments up to 600 
ft thick (Calkin and others, 1974). The aquifer consists of surficial outwash 
sand and gravel deposited by glacial me Itwater during the Lake Escarpment gla- 
ciation approximately 12,000 years ago (Calkin, 1982). The southward sloping 
pitted outwash plain extends southward from the Lake Escarpment moraine to 
Cattaraugus Creek. The aquifer is bounded on the west and east by bedrock 
hills of Devonian shale, siltstone, and sandstone covered with till 5 to 25 ft 
thick. The outwash (Qog and Qos in fig. 10) reaches a thickness of 95 ft in 
the northern part of the aquifer in front of the moraine (Oem in fig. 10) and 
forms a wedge that thins southward (10 to 15 ft thick) to Cattaraugus Creek. 
The creek has incised through the outwash and partly into underlying till and 
lacustrine deposits. The incision has left the outwash as bluffs standing 50 
ft above the creek. A thin (0 to 20 ft), irregular buried layer of lacustrine 
fine sand, silt, and clay is present in the sand and gravel deposits in the 
central and eastern part of the aquifer.

The aquifer is underlain by relatively impermeable clay till and 
lacustrine deposits that form most of the valley fill. These deposits are as 
much as 600 ft thick (Calkin and others, 1974) and are interbedded with thin, 
confined sand and gravel deposits, some of which are significant water-bearing 
zones under artesian pressure. (See section A-A* in fig. 11.) Near Sardinia, 
where the surficial outwash is thin, many private wells are installed in these 
buried sand and gravel deposits at depths ranging from 110 to 344 ft. A 
protruding bedrock hill in the southern part of the area splits the aquifer 
into two parts (section B-B* and fig, 11).

The headwaters of Hosmer Brook originate at a former spillway (in the Lake 
Escarpment moraine) of a proglacial lake that occupied the Cazenovia River 
valley north of the moraine (fig. 10). Water flowing from the spillway partly 
eroded a channel in previously deposited outwash (Qog in fig. 10) 3 mi long 
and 1 mi wide in the middle of the valley. A veneer of later outwash (Qos) 
was deposited in this eroded area. Sections C-C* and D-D 1 in figure 11 show 
in detail the hydrogeologic conditions in the area of the moraine-outwash 
contact and the landfill, respectively.
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Figure 10. Surficial geology and location of geologic sections 
in Sardinia area.
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EXPLANATION

Boundary of surficial outwash aquifer 
in Sardinia area

A____A1 Location of geologic section 

SA-4 Well used in section

Q
U
A
T
E
R
N
A
R
Y

H
0
L
0
C
E
N
E

P
L
E
I
S
T
0
C
E
N
E

Qfp Flood plain; gravel, silt alluvium

Qtl Landslides, slumps; developed on exposures of clayey
till (Qtc)

Qht High terraces of Cattaraugus Creek and tributaries;
gravel and silt alluvium, wood bearing

W
I
S
C
0
N
S
I
N
A
N

L E
A S
K C
E A
R
P
M
E
N
T

L
A
V
E
R
Y

K 
E
N
T

Qem

Qos

Qog

Qls

Qkg

Qtc

Qlt/r

End moraine; till with some mixed gravel and sand

Lake outwash, pebble gravel, sand; incised into
earlier outwash

Outwash; cobble gravel, sand

Lacustrine sand, silt, some pebble gravel

Ice-contact cobble gravel, sand; kamic

Till, clayey with pebbles and cobbles; deformed silt
stringers, minor overridden pebble gravel, sand;
mainly reworked lacustrines

Lodgment till overlying bedrock

3he Lake Escarpment moraine, which forms the northern boundary of the 
surficial outwash aquifer, consists of a clayey-silt till 20 to 63 ft thick 
with discontinous sand, and sand and gravel stringers. The fine-grained 
texture of the till and the sparsity of pebbles (typically forming less than 
2 percent of the till) suggest that the till was derived from reworked fine 
grained lake deposits from the Cazenovia River valley to the north .that were 
transported by the ice during the Lake Escarpment readvance.

Well logs from south of Hand Road reveal an interlayering of till between 
sand and gravel deposits that suggests that the ice front of the Lake 
Escarpment readvance oscillated and overrode sand and gravel deposits. A core 
sample from well site SA-39, along Hand Road, revealed that the readvance 
incorporated some of the underlying sand and gravel into the bottom of till

21



deposits and that incomplete scouring left some of the sand and gravel intact 
below the till. The altitude of the upper surface of this gravel is generally 
from 1,443 to 1,448 ft above sea level (fig. 11, section C-C 1 ), but little 
information is available to determine its lower surface altitude. Well logs 
suggest that this sand and gravel layer is hydraulically connected to the sur- 
ficial aquifer (fig. 11, section C-C 1 ). This buried sand and gravel is the 
source of water for homes along Hand Road (fig. 11, section D-D 1 ).
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Saturated Thickness

The estimated saturated thickness of the surficial aquifer ranges from 5 
ft to more than 60 ft. The deeper, confined aquifers are not included in 
these thickness values, nor is the relatively thin (5 to 20 ft), discontinuous 
lacustrine unit within the eastern part of the aquifer. The aquifer materials 
range in size from fine sand to coarse cobbles.

, Boundary of surficial outwash aquifer v.vi 
,- -ii"»w  x ^ 

' *%  Line of equal thickness of saturated sand
, .*and gravel .Contour interval 10feet f 

Data point- J "T ~\K $**  
..Area of buried aquifer probably in 
hydrologic contact with surficial aquifer

% /  **.£ 1 MILE  

Base from New York State Department of Transportation, 1975, 1:24,000

Figure 12. Thickness and location of aquifer in Sardinia area.
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The aquifer thickness is greatest (20 ft to as much as 95 ft) in the 
northern part of the aquifer, just south of the moraine, and saturated 
thickness exceeds 60 ft (fig. 12). In this area, the relatively impermeable 
lake deposits within the surficial sand and gravel are thin or absent. 
Saturated thickness may be thicker in the vicinity of kettleholes, where 
depressions caused by the melting of buried ice blocks became filled with 
collapsed outwash sand and gravel.

The saturated thickness thins southward and, at the village of Sardinia, 
is less than 25 ft (fig. 12). Wells in Sardinia are either shallow (less than 
25 ft) or very deep (110 to 344 ft). For example, well SA-13 was drilled 344 
ft before a significant buried water-producing zone was encountered. Several 
private residences along the southern edge of the aquifer obtain water from 
springs discharging at the contact between sand and gravel and the basal clay 
till or lacustrine deposits.

Ground-Water Movement

Recharge

The aquifer is recharged by precipitation on the land, by seepage from the 
tributary streams that drain the till-mantied uplands and flow onto the 
aquifer, and by subsurface flow from the till and bedrock along the sides of 
the valley. Hydrographs of water levels from several wells (fig. 13) indicate
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Figure 13. 1982-83 hydrographe of wells in Sardinia area.
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that most recharge occurs from late fall through early spring (November through 
April), when evapotranspiration is at a minimum. A significant second peak 
occurred during April and May 1983, when precipitation was considerably higher 
than the seasonal norm. During the growing season, evapotranspiration exceeds 
recharge from precipitation, so that precipitation recharges the water table 
only during extremely wet periods in summer. Ground-water levels declined 
from May until October. Wells SA-15 and SA-23, near Hosmer Brook, show annual 
water-level fluctuations of only 1 to 3 ft; this reflects the movement of 
ground water from recharge areas to Hosmer Brook. In contrast, wells SA-28 
and SA-17, at the north and west edges of aquifer, respectively, are far from 
streams and show water-level fluctuations of 4 to 5 ft.

Average annual recharge to the sand and gravel aquifer is estimated to be 
1 (Mgal/d)/mi 2 . This estimate is derived as follows: (1) direct infiltration 
of about 40 in/yr on the surface of the sand and gravel aquifer averages 
500,000 (gal/d)/mi 2 ; (2) runoff from till uplands that drains onto and seeps 
into the aquifer is about 50,000 (gal/d)/mi 2 ; and (3) ground-water recharge to 
the sand and gravel deposits from adjacent till and bedrock is approximately 
400,000 gal/d (La Sala, 1968).

Discharge

Ground water discharges from the aquifer by pumping, by seepage to Hosmer 
Brook and the tributary on the eastern side of the aquifer (fig. 9), by 
springs along the southern aquifer boundary, by underflow northward beneath 
the Lake Escarpment moraine in the northeast part of the aquifer, and by evapo 
transpiration. Direction of flow is controlled by hydraulic gradients and 
is shown by arrows on the water-table map (fig. 14).

Ground water in the extreme northeastern part of the aquifer flows north 
west and discharges as underflow beneath the moraine. (Little information is 
available on the northern extent of the buried aquifer beneath the moraine.) 
Elsewhere, ground water flows predominantly southward and into Hosmer Brook, 
which then discharges into Cattaraugus Creek.

WaUr Quality

Water samples were collected from 15 wells in the Sardinia area in August 
1982 and January and May 1983 (table 10B). Seven of the wells tap unconfined 
surficial sand and gravel deposits at depths ranging from 17 to 69 ft; the 
other eight tap confined sand and gravel deposits at depths of 27 to 344 ft. 
Three sets of nested piezometers were installed near the Chaffee landfill  
SA-25 (01, 02, 03) southeast of the landfill, SA-28 (01, 02) south of the 
landfill, and SA-39 north of the landfill. (Well locations are shown in fig. 
9.) The piezometer at SA-39 was rendered inoperative when a sampler became 
lodged in the well, and no data were collected from this site. Water samples 
were also taken from a private well (SA-46) northwest of the landfill along 
Hand Road and from a private well (SA-34) east of the landfill along route 16.

Chemical analyses indicate that the water quality of the Sardinia aquifer 
is generally good. This aquifer had the least mineralized water of the five 
aquifers studied. The water is moderately hard to very hard with values 
ranging from 92 to 274 mg/L as CaC03 and a median value of 172 mg/L as CaC03.
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Figure 14. Water-table altitude and direction of ground-water ia 
flow in Sardinia area.

Water samples met New York State drinking-water standards for all inorganic 
constituents except iron and manganese, which were exceeded in 17 samples from 
nine wells. The concentrations of iron and manganese in these wells do not 
present a health hazard but could be of concern from an esthetic standpoint. 
Minimum, maximum, mean, and median values for all inorganic constituents 
measured are listed in table 3 along with the State drinking-water standards.
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Table 3. Minimum, maximum, mean, and median values and concentrations of water- 
quality constituents from wells in the Sardinia aquifer.

No. of 
Constituent samples

Specific conductance
( ymho/cm)

pH, lab (standard units)
Carbon, total organic

(mg/L as C)
Hardness (mg/L as CaCC^)
Alkalinity, lab

(mg/L as CaC03)

Calcium, dissolved (mg/L)
Magnesium, dissolved (mg/L)
Potassium, dissolved (mg/L)
Sodium, dissolved (mg/L)
Chloride, dissolved (mg/L)

Fluor ide, dissolved (mg/L)
Nitrogen, N02+N03, dissolved

(mg/L as N)
Phosphorus, ortho, dissolved

(mg/L as P)
Sulfate, dissolved

(mg/L as 804)
Arsenic, dissolved (yg/L)

Barium, dissolved (yg/L)
Cadmium, dissolved (yg/L)
Chromium, dissolved (yg/L)
Copper, dissolved (yg/L)
Iron, dissolved (yg/L)

Lead, dissolved (yg/L)
Manganese, dissolved
(yg/D

Mercury, dissolved (yg/L)
Selenium, dissolved

(yg/L)
Silver, dissolved (yg/L)
Zinc, dissolved (yg/L)

38

38
37

38
38

38
38
38
38
38

38
38

37

38

38

38
38
38
38
38

38
38

38
37

37
38

New York State 
Value or concentration drinking-water

Minimum

130

6.7
1

54
43

16
3.3
.5

1.4
.5

<.2
.01

0

4.3

<20

<200
<1

<10
<10
50

<10
<10

.1
<1

<10
4

Maximum

680

8.1
22

320
251

97
19
2.6

37
35

.2
7.1

.11

51

<20

700
<1

<10
60

3,300

20
1,500

.4
<1

<10
1,230

Mean

369

 
11

173
150

51
11
1.2
7.8

14

<.2
1.35

.03

25

<20

270
<1

<10
23

370

11
210

<.4
<1

<10
120

Median

357

7.8
11

172
152

54
11
1.1
4.3

14

<.2
.6

.02

23

<20

<200
<1

<10
20
50

<10
60

<.4
<1

<10
<20

standard3

__ __

 
 

 
 

 
 

 
 
250

1.5
10b

 

250

50

1,000
10
50

1,000
300c

50
300c

 
10

50
5,000

a) Drinking-water standards from New York State Department of Health, 1964 and 1977.
b) Only nitrate as N  
c) If iron and manganese are both present, the total concentration of both 

substances should not exceed 300 yg/L.
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Because the unconfined sand and gravel aquifer is exposed at land surface, 
it is potentially susceptible to contamination from surface sources. Several of 
the shallow wells (SA-15, SA-14, SA-34, and SA-2) that tap the surficial aquifer 
had elevated levels of N02 and N(>3, Cl, and total organic carbons, which are 
characteristically derived from septic tanks, fertilizers, or other surface 
sources.

Effect off Landfill N«ar Chaff««

Location and Description

The landfill near Chaffee is on Hand Road north of and adjacent to the 
surficial sand and gravel aquifer (fig. 9). Ihe potential for leachate migra 
tion from the landfill to the surficial and buried aquifers has given rise to 
local concern. In 1982, the U.S. Geological Survey conducted-test drilling, 
installed nested piezometers at three sites, and sampled ground water at two 
of the piezometer sites and two private wells to determine whether leachate 
has migrated offsite.

The landfill is excavated in a morainal hill near the terminus of the 
Lake Escarpment readvance. lest drilling within and around the landfill showed 
the underlying material to consist of 30 to 65 ft of silty clay to clayey-silt 
till with some silt, sand, and sand and gravel stringers. The base of the till 
lies at altitudes of 1,443 to 1,448 ft. A sand and gravel aquifer of undeter 
mined thickness underlies the till (fig. 11, sections C-C 1 , D-D 1 ).

Well logs reveal that the surficial morainal till pinches out south of the 
landfill, and interlayering of outwash sand and gravel and buried till layers 
extend at least as far south as well SA-25 (fig. 11, section C-C 1 ). the 
buried till layers were encountered at the same altitudes in well SA-28. A 
deep (100- to 200-ft) test boring would be needed in the landfill vicinity to 
define the deeper subsurface hydrogeology.

A leachate-collection system was installed around the perimeter of the 
landfill in 1981. A 20-ft-deep trench was dug and the materials and ground- 
water conditions examined by a consulting geologist, who reported that the 
trench was installed in predominantly clayey-silt till with discontinuous 
lenses of fine sand to gravelly sand. Sand lenses were orientated horizontally 
and vertically. Permeability tests of the till indicated values of 4 x 10"7 
cm/s or less (Earth Dimensions, Inc., 1981); permeability tests of the silt 
and sandy silt lens revealed permeabilities of 1 x 10~6 an(j \ x 1Q"5 cm/s, 
respectively. Ground water was observed to seep out of some of the sand and 
gravelly sand lenses. Leachate odor and color were noted in two areas, one of 
which penetrated refuse (Earth Dimensions, Inc., 1981). The trench was back 
filled with clayey silt to seal off horizontal paths of leachate migration 
through the lens, although little is known of the extent of vertical lenses 
below the landfill.

Ground-Water Movement

The surficial till contains a water table that probably roughly parallels 
the surface topography. Well logs indicate that the water level ranges from
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6 to 22 ft below land surface. A relatively shallow depth to water also is 
indicated by seeps encountered during trench construction. The upper zone of 
the sand and gravel aquifer underlying the till unit contains a thin unsat- 
urated zone, which indicates little or no hydraulic connection with the 
overlying till. A ground-water divide intersects the buried sand and gravel 
aquifer in the vicinity of well SA-28. If leachate were to migrate downward 
through the till, the contaminants would enter the buried sand and gravel 
aquifer and would move northward. If leachate escaped as springs along the 
south border of the landfill and flowed southward toward Hosmer Brook as sur 
face runoff, it could move into the surficial outwash sand and gravel.

Ground-Water Quality

Comparison of mean and median values of chemical constituents of water 
from the wells surrounding the landfill with those from other wells in the 
Sardinia aquifer reveals that water in the landfill vicinity had higher con 
centrations of dissolved iron, manganese, zinc, and sulfate (table 4). 
Elevated concentrations of these constituents have been reported to be charac 
teristic of landfill leachate (Nicholson and others, 1983). However, elevated 
concentrations of hardness, Ca, Mg, Na, Cl, total organic carbon, K, and heavy

Table 4. Median values of selected constituents of water in Sardinia 
aquifer near and at distance from Chaffee landfill.

Constituent

Specific conductance
( jjmho/cm)

pH, lab (standard units)
Carbon, total organic

(mg/L as C)
Hardness (mg/L as CaCO^)
Alkalinity, lab

(mg/L as CaC03 )

Near
Mean

374

7.7
12

183
149

landfill
Median

386

7.8
12

182
149

Not
Mean

363

7.

165
151

near landfill
Median

335

6 7.8
9.2

166
155

Calcium, dissolved (mg/L) 54 55 48 47
Magnesium, dissolved (mg/L) 12 12 . 11 11
Sodium, dissolved (mg/L) 4.5 3.4 11 5.4
Chloride, dissolved (mg/L) 14 15 14 11

Nitrogen, N02+N03 dissolved .41 .18 2.2 1.4
(mg/L as N) 

Phosphorus, ortho dissolved .02 .03 .03 .01
(mg/L as P) 

Sulfate, dissolved 31 29 20 18
(mg/L as

Iron, dissolved (tng/L)
Manganese, dissolved (mg/L)
Zinc, dissolved (mg/L)

.49

.28

.20

.22

.29

.025

.26

.15

.05

.05

.02

.02

30



metals such as Cu, Ni, and Pb, are also characteristic of landfill leachate 
but were not observed at the wells close to the landfill. In addition, the 
high mean value of zinc in wells close to the landfill results from the 
extremely high zinc value from the deep observation well (SA-25-03), which has 
a galvanized screen that probably contaminated the samples. Deleting the zinc 
values for well SA-25-03 from the analyses gives a mean and median zinc value 
similar to background levels. Because elevated concentrations of iron, manga 
nese, and sulfate are not associated with any of the other indicators of land 
fill leachate, the landfill is probably not the source of these constituents.

The differences between ground-water quality at the landfill and that in 
surrounding areas are probably due to differences in geology. The wells that 
the U.S. Geological Survey sampled in the landfill vicinity draw water from 
the confined sand and gravel deposits beneath the relatively thick till. 
These confined deposits are likely to have a more reducing environment, in 
which iron and manganese become more soluble than in the unconfined surficial 
sand and gravel deposits elsewhere in the Sardinia aquifer. Also, the water 
quality at well SA-46, downgradient from the landfill, is similar to that of 
wells upgradient from the landfill and does not have appreciably greater con 
centrations of constituents that are indicators of landfill leachate.

In summary, results of the water-level measurements and the water-quality 
sampling together indicate that leachate has not migrated any great distance 
to the south, east, or northwest of the landfill. Northward migration could 
not be evaluated because the wells north of the landfill were not operational, 
and other data on this area are insufficient for interpretation.

AQUIFER IN THE SPRINGVILLE AREA

This sand and gravel aquifer occupies approximately 9.5 mi 2 of the town of 
Concord along the southern border of Erie County (fig. 15). The Springville 
area lies within the glaciated Allegheny Plateau, an area characterized by 
rounded hills with a network of drift-filled valleys. The aquifer occupies a 
broad valley-outwash plain bounded on the north by the raorainal till of the 
Lake Escarpment moraine, on the east and west by till-mantled bedrock hills 
that rise as much as 300 ft above the plain, and to the south by the north 
slope of the Cattaraugus River valley. The outwash plain is drained by Spring 
Brook, which flows into Cattaraugus Creek.

Land use in the outlying areas beyond the Village of Springville is pre 
dominantly crop and dairy farming; the village contains some commercial 
establishments and light industry. Small gravel mining operations are 
scattered throughout the area.

Population and Ground-Watar Us«

Ground water is the principal source of water for approximately 5,200 
people in the area underlain by the aquifer. The aquifer serves the Village 
of Springville (pop. 4,285, U.S. Bureau of Census, 1980), two trailer parks, 
several farms, and approximately 700 people in the rural areas. Table 5 lists 
the 1980 pumpage by various water users.
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The single largest user of ground water is the Village of Springville, 
which pumps an average of 631,000 gal/d, about 35 percent of which is used by 
several small industries and commercial facilities (Greenly and Hansen, 1970), 
Several private homes use water from springs at the south edge of the aquifer,

H « ' - »   -N \ i

Boundary of surficial outwash 
aquifer

K£Z&*\ ^-11 jy.'.j.., irf'Of^fiHl \\ H -TV \ TJ~- r '-»-/ / *"" v
- ( KJ^-- -^..A..T_______________I , I   T rft _ .^rf ..   ..  ...-.-I     t.^.^Jl.^j   «. L_ _. J   J.f.x            i  at     ,£       

29'Base from New York State Department of Transportation, 1975* 1:24.000

Figure 15. Location of eurfioial outwaeh aquifer and welle 
in Springville area.
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Table 5. Population and pumpage in Springville area, 1982

Average
Population pumpage 

________Source____________________served________(gal/d)

Municipal community water system
1. Village of Springville L4,285 2631,000

Other community water systems 
1. Perkins Trailer Park 375 
2. Springville Mobile Village 3 114

Private water supplies 

TOTAL

S700

5,174

"7,500 
^1 1,400

470,000

719,900

1 U.S. Bureau of Census, 1980
2 Unpublished data from New York State Department of Health
3 New York State Department of Health, 1982
** Assumed 100 gal/d per person
5 Estimated

Hydrogeologlc Framework

The Springville aquifer occupies a deep north-south-trending glacially 
scoured valley that is partly filled with glacial sediments. Till-mantied 
bedrock hills border the aquifer on the east and west. Wisconsin glaciation 
north of Cattaraugus Creek severely altered the preglacial drainage features. 
The last glacial episode to affect the Springville area occurred during the 
Lake Escarpment readvance, about 14,000 years ago (Calkin, 1982), which marked 
an oscillating stand of the ice front in the northern part of the aquifer 
area. the receding ice deposited small undulating knobs and mounds of 
morainal till in the northern part of the Springville area, and meltwater 
deposited a sand and gravel outwash plain with a gently sloping surface from 
south of the moraine to the present location of Cattaraugus Creek (fig. 16). 
The outwash deposits form a wedge-shaped aquifer, thickest in front of the 
moraine and thinning southward, that terminates at the north wall of 
Cattaraugus Creek Valley, as shown in section A-A 1 of.figure 17.

An exposed cut along the north bank of Cattaraugus Creek shows about 10 ft 
of outwash overlying clayey till deposited during Lavery glaciation (La Fleur, 
1980). The till is highly susceptible to slumping along the steep banks of 
the creek. Underlying the till are interbedded lacustrine silt/clay and sand 
and gravel sediments deposited during pro-Lavery, Erie, and Kent stadial and 
interstadial periods of the Wisconsin glaciation (LaFleur, 1980). Little 
information on depth to bedrock is available; several borings in the Village 
of Springville to depths of 260 ft did not encounter bedrock.

lest drilling by Layne, Inc., in 1967, in the Village of Springville, 
revealed that, in the middle of the valley, an area of surficial outwash depos 
its 2.5 mi long and 3,000 ft wide had been eroded by glacial meltwater. In 
this area a veneer of alluvial and outwash silt, sand, and gravel (Qos in
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Transportation, 1975, 1:24,000

Figure 16. Suvficial geology and location of geologic sections 
in Springville area.
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fig. 16) overlies silty clay till. Because most of the older outwash had been 
eroded away, the village wells are installed in discontinuous confined sand 
and gravel layers between depths of 85 and 145 ft (altitude 1,255 and 1,195 ft; 
see fig. 17, section B-B 1 ). East of the village these buried sand and 
gravel layers are absent or lie at greater depths.

In the southern and southwestern parts of the area, the surficial outwash 
and confined aquifers end at the Cattaraugus Creek and Spooner Creek valleys, 
which are incised 150 to 180 ft into drift and, in one short stream reach, 
into bedrock.

EXPLANATION
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Saturated Thickness

Saturated thickness of the sand and gravel (fig. 18) is greatest (15 to 
20 ft) in the northern part of the valley and thins to less than 5 ft to the 
south and in the central part.

«My ifi mil   Boundary of surf icial outwash 
 V aquifer

Line of equal thickness of saturated 
sand and gravel .Contour interval 5fee

\

rt!*.-. . -***

Base from New York State Department of Transportation, 1975, 1:24,000

Figure 18. Aquifer thickness in Springville area,
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Ihe deeper confined sand and gravel units, which are discontinuous and lie 
beneath the upper till and lacustrine deposits (see fig. 17), provide the 
largest well yields (tens to more than several hundred gal/min). The upper 
till and lacustrine deposits beneath Springville are 80 to 90 ft thick, and 
the underlying sand and gravel deposits, mostly 4 to 15 ft thick, lie between 
depths of 84 and 150 ft below land surface. East of Springville the till and 
lacustrine deposits thicken (fig. 17, section B-B 1 ), and the depth to buried 
sand and gravel layers increases. Well SP-35 along the northern edge of the 
aquifer is 528 ft deep and taps a buried sand and gravel layer (altitude 902 
ft) that is probably overlying or near bedrock. The floor of the buried 
bedrock valley probably lies at an altitude of 900 ft.

Ground-Water Mov*m*nt

Recharge

Aquifer recharge results from precipitation infiltrating downward through 
permeable soils to the water table, by seepage from tributary streams that 
originate in the till-mantled uplands and flow onto the aquifer, and by sub 
surface flow from the adjacent till and bedrock on the sides of the valley. 
Hydrographs of the water levels of several wells (fig. 19) indicate that most 
recharge occurs from November through April. Although about 40 percent of the 
average annual precipitation (approximately 42 inches) falls during the 
growing season May through September (Dethier, 1966) nearly all is evap 
orated or transpired by vegetation so that little water recharges the aquifer 
during this period. Average annual recharge to the aquifer ranges from 0.4 to 
1.0 (Mgal/d)/mi 2 (La Sala, 1968).
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Figure 19. Hydrographs of wells tapping Springville aquifer, July 1982 
through October 1983. (Locations are shown in fig. 15.)
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Discharge

Ground-water discharge occurs by pumpage, seepage into Spring Brook, 
spring flow front the base of the aquifer along the valley walls at Spring 
Brook, Cattaraugus Creek, Spooner Creek, and the edges of the older outwash 
(Qog in fig* 16) in the middle of the valley, and by evapotranspiration. 
Great Bear Spring, 1,000 ft north of Middle Road, flows from the edge of the 
older outwash and was once a water supply for Springville.

Ihe direction of ground-water flow is controlled by hydraulic gradients 
and is indicated by arrows in figure 20. Ground water in this area generally 
flows from north to south and from the east, west, and north perimeter of the 
aquifer toward the center of the valley. A ground-water mound in the south 
western part of the aquifer causes ground water there to flow west to Spooner 
Creek, south to Cattaraugus Creek, and east to Spring Brook.

Wafer Quality

Ground-water samples were collected during August 1982 and January and May 
of 1983 (table 10C) from eight wells and two springs in the Springville area. 
Six of the wells tap the surficial sand and gravel aquifer at depths ranging 
from 22 to 56 ft; the other two tap deep, confined sand and gravel deposits at 
depths of 137 and 300 ft. The two springs emanate from the edge of the sur 
ficial sand and gravel aquifer. Locations of wells and springs are shown in 
figure 20.

Chemical analyses indicate the water in the Springville aquifer to be 
suitable or marginally suitable for most uses (table 6). Hardness values 
range from 78 to 445 mg/L as CaC03 (moderately hard to very hard) with a 
median value of 238 mg/L as CaCC^ (very hard). Seven of the ten sampling 
sites had very hard water, two had hard water, and one had moderately hard 
water. Iron and manganese exceeded the New York State drinking-water 
standards in eight samples from four wells.

The New York State drinking-water standard for nitrate (10 mg/L) was 
matched in the last sample taken from well SP-9, in the southeast part of the 
aquifer, and the standard was approached in samples from several other wells. 
The chloride standard (250 mg/L) was nearly exceeded in samples from wells 
SP-9 and SP-26 along the eastern edge of the aquifer, and, although no 
drinking-water standard has been established for sodium, the sodium con 
centration in some of the shallow wells exceeded the recommended concentration 
of 20 mg/L (U.S. Environmental Protection Agency, 1976) for people on sodium- 
restricted diets. Minimum, maximum, mean, and median values for all inorganic 
constituents measured in the Springville aquifer are listed in table 6 along 
with the New York State drinking-water standards.

Because the unconfined sand and gravel aquifer is exposed at land surface, 
some recharge occurs directly from the surface, thereby making the aquifer 
susceptible to contamination from surface sources. Results of the water- 
quality analyses indicate that soluble material is indeed entering the aquifer 
from surface sources. For example, the nitrate concentrations were uniformly 
higher in the Springville aquifer than in the other four aquifers studied.
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Figure 20. Potentiometric-surface altitude and direction of 
ground-water flow in Springville area.
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Table 6. Minimum, maximum, mean, and median values and concentrations of 
water-quality constituents from Springville aquifer.

No. of 
Constituent samples

Specific conductance 28
( jjmho/cm)

pH, lab (standard units) 28
Carbon, total organic 28

(mg/L as C)
Hardness (mg/L as CaC03> 28
Alkalinity, lab 28

(mg/L as CaC03>

Calcium, dissolved (mg/L) 28
Magnesium, dissolved (mg/L) 28
Potassium, dissolved (mg/L) 28
Sodium, dissolved (mg/L) 28
Chloride, dissolved (mg/L) 28

Fluor ide, dissolved (mg/L) 28
Nitrogen, N02+N03, dissolved 27

(mg/L as N)
Phosphorus, ortho, dissolved 28

(mg/L as P)
Sulfate, dissolved 28

(mg/L as SO^)
Arsenic, dissolved (yg/L) 28

Barium, dissolved (yg/L) 28
Cadmium, dissolved (yg/L) 28
Chromium, dissolved (yg/L) 28
Copper, dissolved (yg/L) 28
Iron, dissolved (yg/L) 28

Lead, dissolved (yg/L) 28
Manganese, dissolved 28

(ug/L)
Mercury, dissolved (yg/L) 28
Selenium, dissolved 28

(yg/L)
Silver, dissolved (yg/L) 28
Zinc, dissolved (yg/L) 28

New York State 
Value or concentration drinking-water

Minimum

227

7.0
1

78
60

23
5.0
.5

3.0
10

<.2
.1

.01

16

<20

<200
<1

<10
<20
50

<10
<10

<.4
<1

<10
<20

Maximum

1,360

8.0
116

445

145
27
9.6

165
225

1.1
10

.48

139

<20

500
9

<10
50

2,900

20
8,300

<.4
10

<10
300

Mean

574

 
17

253

77
15
2.7

23
48

.23
4.5

.05

36

<20

243
1.4

<10
22

337

10
670

<.4
1.3

<10
41

Median

495

7.8
8.2

238
182

70
15
1.7
9.9

19

<.2
4.7

.02

29

<20

<200
<1

<10
<20
50

<10
30

<.4
<1

<10
<20

standard3

j_

 
 

 
 

__
 
 
 
250

1.5
10b

 

250

50

1,000
10
50

1,000
30QC

50
300C

 
10

50
5,000

a) Drinking water standards from New York State Department of Health, 
1964 and 1977. A dash indicates no data.

b) Only nitrate as N.
c) If iron and manganese are both present, the total concentration of both 

substances should not exceed 300 yg/L.
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Figure 21. Areal distribution of nitrate concentrations in 
Springville area.
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Nitrate concentrations in the two springs and all shallow wells exceeded 2.6 
mg/L and in four wells exceeded 7.5 mg/L. The nitrate concentrations (fig. 
21) appear to increase southwestward, following the direction of ground-water 
flow, which suggests that nitrates accumulate in the ground water as it flows 
beneath this largely agricultural valley. Alternatively, the high nitrate 
concentrations may reflect only local influences because shallow wells that 
had high nitrogen concentrations are in or near fields under agricultural pro 
duction. However, the relatively high nitrate concentrations measured in 
water from all wells tapping the surficial aquifer indicate a moderate con 
centration of nitrate throughout the aquifer. Freeze and Cherry (1979) report 
that, in areas where nitrate contamination is extensive, fertilizer is 
generally the primary nitrogen source.

Three shallow wells (SP-9, SP-26, SP-37) contained elevated concentrations 
of sodium and chloride. These wells show no other pattern, but all are close 
to major highways, which suggests that the aquifer is influenced by road salt 
locally but has not been widely affected by sodium and chloride.

The ground water in the deep, confined sand and gravel layers appears to 
be protected from surface contamination. The two deep wells (SP-15 in 
Springville and SP-31 north of the aquifer) had low concentrations of nitrate, 
sodium, and chloride (table 6); the latter well, 300 ft deep, also had the 
second lowest concentration of dissolved solids (as determined by specific 
conductance). In contrast, the first well, 137 ft deep, had relatively hard 
water with high levels of iron, manganese, and sulfate and also contained a 
high concentration of fluoride (1.1 mg/L in one sample, which is near the 
drinking-water standard of 1.5 mg/L).

AQUIFER IN THE ALDEN AREA

The Alden sand and gravel aquifer occupies approximately 4.2 mi 2 of the 
Town and Village of Alden in east-central part of Erie County and 0.15 mi 2 of 
Genesee County (fig. 22). The aquifer is in the glaciated Erie lowlands. The 
area consists of gently rolling beach ridges, which are bordered on the north 
by a flat to gently sloping lake plain and on the south by many small hummocky 
raorainal mounds of till. Most of the area is drained by tributaries to 
Ellicott Creek, which flows westward along the northern perimeter of the 
aquifer and into the Niagara River. The west and southwest part of the 
aquifer is drained by tributaries to Cayuga Creek, which flows into Lake Erie.

Land use is predominantly residential and agricultural. Residential areas 
include the Village of Alden in the center of the aquifer and corridors of 
suburban residences along state and county roads.

Population and Ground-Water Use

Ground water is the sole source of water for approximately 3,800 people 
living in the area underlain by the aquifer. Industry and residents of the 
Village of Alden (population 2,488, U.S. Bureau of Census, 1980) are supplied
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by a public water-supply system that uses a well field consisting of three 
drilled wells and three dug wells installed in sand and gravel deposits. The 
remainder of the residences, farms, and commercial facilities use individual 
private wells. Table 7 summarizes the estimated pumpage from the aquifer.

Boundary of aquifer 

Well location and number

Base from New York State Department of Transportation, 1975, 1:24,OOO

Figure 22. Location of aquifer and wells in Alden area.

Hydrogeologlc Framework

Deglaciation during late Wisconsin time resulted in deposition of morainal 
till (Marilla moraine) south of the aquifer, the beaches and deltaic sand and 
gravel that form the aquifer, and extensive lacustrine silt and clay and till 
deposits northwest of the aquifer (Calkin, 1982). The distribution of sur- 
ficial deposits is shown in figure 23.

Bie aquifer was formed when fluvial material, transported by north-flowing 
Cayuga Creek and other small tributaries that drained the uplands to the 
south, was deposited into a proglacial lake (Lake Warren) to form a delta. 
Wave action reworked the deltaic deposits to form long, linear beach ridges.
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Table 7. Estimated population and pumpage from 
Alden aquifer, 1982

Population

Alden municipal supply
Domestic water consumption ^,500 
Industrial
Other (institutions, parks, 
fire fighting, etc.)

Private water supplies
Commercial
Stock

*1,300

3,800

Pumpage 
(gal/d)

2250,000
*37,000

*43,000

*130,000
*20,000
*5,000
485,000

* Estimated
1 U.S. Bureau of Census, 1980
2 Unpublished data from New York State Department of Health

K"V,>- -,   <;<*-- *** »r ^*A, > '
Boundary of aquifer iy . x

 rr. /'   ' *s '
Al luvial sand and gravel  

I Q|| c Lakedeposited sand, silt, and clay ^-

'  I" ." I Beach sand and gravel of ,<£-"""" *' 
* U S I ice-dammed lakes *|- - > " .,

M» . *' ^ * . |

'" Inn I G rounc' mora ' neconS ' s1: ' n9 -v^^^^T^
 L2-J jaredominantly of lodgment til I | ^'

- ~lnf»m End moraine consisting of ablation and 
/> I _ lodgmentti 11 and admixture of poorly 
'' !j'?& ^ .sorted grave I- \*' "**"\ 
^.^ A ;A' Lineof geologicsection MI LE

J__z*l_ ._, :_i_ <'^N^S!-\^> -''--  -'- f..--^fe ^ .--' - _--. v,..   > -£-  '~~ =-*= j.  --- .~^~-  >
Base from New York State Department of Transportation,~T975, 1:24,000 Geology by E.H. Muller, 1975

Figure 23. Surficial geology and lines of geologic sections A-A' 
in Alden area.
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No test holes were drilled by the U.S. Geological Survey during this 
study, but subsurface information was provided by Harold and Michael Frey of 
Frey Well Drilling of Alden, and was obtained from Village of Alden well 
records and from wells inventoried by the Geological Survey. Well logs were 
unavailable, except those for the village well field; therefore, subsurface 
information in the Alden area is inferred. 3he well driller indicated, in 
general, 10 to 20 ft of sand and gravel overlying 10 to 20 ft of till or sandy 
clay, which in turn overlies 5 to 15 ft of sand and gravel over shale bedrock. 
A generalized section is shown in figure 24. Most wells tapping this aquifer 
are installed in the lower sand and gravel zone, but, because this zone is 
thin (5 to 15 ft), the wells are commonly extended 6 to 8 ft into the shale to 
provide a "storage reservoir" as shown schematically in figure 25.

880 -i

860-

840-

820-

800

780-

760

Potent iometric surface of lower 
sand and gravef deposit

4000 20.0008000 12.000 16.000 

HORIZONTAL DISTANCE. IN FEET

Figure 24. Geologic section A-A 1 through the Alden area.

24.000

8-inch diameter hole
-I

6-inch diameter hole

Potentiome trie surface

6-8 ft shale I 
reserve! r 1

Coarse^" 
sand fills 
annular 
space

   

Land surface

Sand and gravel

Til lor sandy clay

Sand and gravel

10-20 feet

10-20 feet

5-1 5 feet

Shale 
rv

Slotted casing

Figure 25. Construction of typical wells in Alden area.
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Saturated Thlcknaaa

Aquifer material consists of sediments ranging from fine sand to coarse 
gravel. Few wells tap the 10- to 20-ft upper sand and gravel zone, which is 
unsaturated or only thinly saturated (less than 5 ft). Well logs and drillers 
indicate that the lower sand and gravel zone, generally 5 to 15 ft thick, is 
confined beneath a relatively impermeable till or sandy clay layer 10 ft thick 
and overlying shale (fig. 24).

Ground-Watar Movamant

Recharge

Ground water in the upper sand and gravel zone, where present, is under 
water-table conditions. Because few parts of the upper zone are saturated, 
the water-level data were too scant for construction of a water-table map. 
Recharge to the upper sand and gravel zone occurs solely from precipitation, 
and the average annual replenishment is estimated to range from 0.2 to 0.4 
(Mgal/d)/mi 2 (La Sala, 1968). A pumping test at the Village of Alden dug 
wells revealed a "safe" yield of approximately 75 gal/min or 108,000 gal/d.

Recharge to the lower aquifer is more complex. Where the water table in 
the upper aquifer is above the potentiometric surface of the lower aquifer, 
some ground water may infiltrate downward through the till or sandy clay con 
fining beds to the lower sand and gravel. Where the water table is below the 
potentiometric surface, such as where artesian flow occurs, the lower aquifer 
may discharge to the upper aquifer.

The chemical quality of ground water in the lower aquifer suggests that 
some of the water may be derived from the underlying shale. Recharge probably 
also occurs along the southern edge of the aquifer, where bedrock crops out in 
Spring Brook at State Highway 20. The lower gravel may also crop out in this 
area and receive recharge from precipitation and seepage from Spring Brook. 
Peripheral recharge to the lower sand and gravel may also occur from seepage 
from the till and(or) bedrock in this area, and by infiltration of runoff from 
the till uplands to the south.

Discharge

Discharge from the upper zone occurs by evapotranspiration, by seepage 
into streams, and by pumping dug wells in the Village of Alden near Spring 
Brook. Discharge from the lower aquifer occurs by pumping of village and 
private drilled wells and by seepage into Ellicott and Cayuga Creeks.

Water levels in some wells tapping the lower sand and gravel zone in the 
northern part of the aquifer were above the top of that zone (some wells 
flowed), which indicates confined conditions. A potentiometrie-surface map of 
the lower zone (fig. 26) was drawn from water-level measurements made by the 
Geological Survey mostly during November 1982 and supplemented by measurements 
made by Frey Drillers and Village of Alden during 1960-81. Water in the 
central and eastern parts of the aquifer flows mainly north-northwestward into 
Ellicott Creek; water in the western part flows westward into Cayuga Creek and 
tributaries to Cayuga Creek.
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  '810 ' Potentiometric contour  Shows altitude at
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Figure 26. Potentiometric surface and direction of ground-water flow in 
lower sand and gravel aquifer in Alden area.

Water Quality

Water-quality data from the Alden sand and gravel aquifer were obtained 
by the Erie County Department of Health in a single sampling of four public 
water-supply wells (AL-21, AL-8, AL-18, and AL-16) in April 1982 (table 10D). 
Results of the analyses indicate that the water quality of the sand and gravel 
aquifer is generally fair to good.

Nitrate and nitrite concentrations were all below 2.3 mg/L as N, and few 
of the New York State drinking-water standards were exceeded. The poorest 
water was from wells AL-18 and AL-16 (fig. 22), which exceeded the State 
drinking-water standards for iron, sulfate, and total dissolved solids. These 
constituents, which probably originate from natural sources, do not present a 
health hazard but could be an esthetic concern. Minimum, maximum, and mean 
values for all inorganic constituents measured are listed in table 8 along 
with the New York State drinking-water standards.

The water quality in individual wells varied with the depth of the wells. 
Ihe higher dissolved-solids concentrations in water from the deeper wells is 
consistent with the observation that water from the underlying shale bedrock 
may be discharging upward to the sand and gravel zone that overlies bedrock.
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Table 8. Minimum, maximum* and* mean values and concentrations of 
water-quality constituents from Alden aquifer.

No. of 
Constituent samples

Specific conductance
( ymhos/cm)

pH, lab (standard units)
Carbon, total organic

(mg/L as C)
Hardness (mg/L as CaCC^)
Alkalinity, lab

(mg/L as CaC03)

Calcium, dissolved (mg/L)
Magnesium, dissolved (mg/L)
Potassium, dissolved (mg/L)
Sodium, dissolved (mg/L)
Chloride, dissolved (mg/L)

Fluor ide, dissolved (mg/L)
Nitrogen, N02+N03 dissolved

(mg/L as N)
Phosphorus, ortho, dissolved

(mg/L as P)
Sulfate, dissolved

(mg/L as SO^)
Arsenic, dissolved (ug/L)

Barium, disolved (pg/L)
Cadmium, dissolved (pg/1)
Chromium, dissolved (ug/L)
Copper, dissolved (ug/L)
Iron, dissolved (pg/L)

Lead, dissolved (pg/L)
Manganese, dissolved

(pg/L)
Mercury, dissolved (pg/L)
Selenium, dissolved

(ug/L)
Silver, dissolved (pg/L)
Zinc, dissolved (pg/L)

__

4
4

4
4

4
4
 

4
4

4
4

 

4

4

4
4
4
4
4

4
4

4
4

4
4

Minimum

__

7.3
4.7

170
145

62
7.2
 

1.9
5.0

<0.2
0.1

 

23

<20

<200
<1

<10
<20
<50

<10
<10

<0.4
<1

<10
<20

Maximum

__

7.7
13

653
283

247
25
 

22
40

<0.2
2.7

 

376

<20

<400
<1

<10
40

480

<10
120

<0.4
<1

<10
40

New York State 
drinking-water 

Mean standard a

-._

7.6
9.7

387
232

149
15
 

13
26

<0.2
0.8

 

156

<20

300
<1

<10
30

250

<10
40

<0.4
<1

<10
30

  _

 
 

 
 

 
 
 
 

250

1.5
10b

 

250

50

1,000
10
50

1,000
300c

50
300c

 
 

50
5,000

a) Drinking-water standards from New York Department of Health, 1964 and 1977. 
dash indicates no data.

b) Only nitrate as N.
c) If iron and manganese are both present, the total concentration of both 
substances should not exceed 300 ug/L.
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Site AL-21, in the northern part of town, contains three dug wells, 14 ft 
deep, that produced water with the lowest measured dissolved-solids concentra 
tion. Here, a sandy clay lens separates the lower sand and gravel aquifer from 
the upper aquifer (fig. 24). Ihe dug wells draw water from the upper till or 
sandy clay lens and probably from the upper zone of the lower sand and gravel 
aquifer. Because a second lower sandy clay lens overlies the shale, water from 
dug wells is probably unaffected by water from the shale, which would explain 
their relatively low dissolved-solids concentrations.

Wells AL-8 and AL-16, near the center of Alden, tap the lower sand and 
gravel aquifer that overlies bedrock and are screened from 27 and 45 ft, respec 
tively. Water from these wells contained elevated concentrations of dissolved 
solids, hardness, calcium, magnesium, iron, manganese, sulfate, sodium, and 
chloride. Because both wells are in contact with the shale, some of their water 
is probably derived from the shale. Similarly, well AL-18, in the northern part 
of Alden, taps the lower sand and gravel aquifer and extends 2 ft into the shale 
(La Sala, 1968, p. 101) and produces water with the highest concentration of 
dissolved solids, hardness, calcium, magnesium, iron, manganese, sulfate, 
sodium, and chloride.

A local driller reported that about 90 percent of wells in the Alden area 
have iron bacteria encrustation. Ihe encrustation, which can clog screens and 
reduce water yields, can be removed by adding acid and surging the well.

SUMMARY

Aquifers in the Clarence-Lancaster-Newstead area.   This area contains a 
discontinuous surficial aquifer of morainal, beach, and outwash sand and 
gravel overlying the Onondaga Limestone, which generally yields 10 to 100 
gal/rain; most wells in the area tap this aquifer. Quality of water in the 
unconsolidated deposits is similar to that of the limestone except that the 
limestone has a higher concentration of sulfate, which is probably due to solu 
tion of gypsum minerals. Quality of water in the shallow wells is variable, 
especially in those along and downgradient of the New York State Ihruway, where 
sodium and chloride concentrations are elevated. A landfill is excavated in the 
surficial deposits in the western part of the aquifer, but no significant con 
tamination directly attributable to the landfill in the area was detected in 
wells (sampled during this study) tapping either the unconsolidated deposits or 
the upper part of the limestone. Water levels in nested piezometers at the 
landfill indicated a significant downward component of ground-water flow. 
Little water-quality data are available to determine the effect of the landfill 
in deeper water-bearing zones of the limestone, however.

Aquifers in the Sardinia and Springville areas.   The two surficial glacial 
outwash sand and gravel aquifersin these areas occupy deep, glacially scoured 
valleys and overlie mostly nonwater-bearing sediments that contain several 
buried sand and gravel deposits. Ihe best sources of ground water are in the 
northern parts of the aquifers, where the aquifers are thickest and near recharge 
areas. A landfill adjacent to the Sardinia aquifer has not significantly
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affected the water quality of the surficial aquifer, but more data would be 
needed to determine the effects on the confined sand and gravel aquifer along 
the northern perimeter of the landfill.

Aquifer in the Alden area.   This aquifer consists of an upper sand and 
gravel zone and a more productive lower zone on top of shale bedrock. The two 
zones are separated by a sandy clay or till layer. Water from the lower zone 
is more highly mineralized, probably because it is partly derived from the 
underlying shale.
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Table 9. Records of selected wells in Erie County, New York 

NUMBERING AND ARRANGEMENT OF WELLS

All wells and borings are identified by latitude and longitude to the 
nearest second, as measured from 7V2-minute topographic maps, scale 1:24,000. 
The location of each well or boring record was plotted on these maps by U.S. 
Geological Survey staff during a visit to the site or from large-scale 
engineering drawings.

The location of each well and boring is shown on maps within the text. 
Data are arranged in 1-minute strips of latitude. Each table begins with the 
southernmost strip followed by other strips successively farther north.

1. type of well

Drl « drilled
Dug = dug
Drv « driven

FOOTNOTES AND ABBREVIATIONS

_______2. Aquifer type

Ss - sandstone
Sh * shale 

Silt - silt 
Fill - fill

LS « Onondaga Limestone

Sand = sand
S&G = sand & gravel 

Grvl = gravel 
Till = till 
Clay » clay

3. Land-surface altitude

in feet above National 
Geodetic Vertical Datum 
of 1929 (NGVD), estimated 
from topographic maps.

4. Water use

A = abandoned 
C = commercial 
D * domestic 

PS = public supply

I = industrial 
In = institutional 
0 - observation 
U  » unused 
F - farm

5. Remarks

Yield (e) *  estimated yield

Yield (m) = measured yield during 
pumping test

Yield (r) = reported yield

F = fine 
M = medium 
C = coarse
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